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HEAT PUMP OPERATING DATA 
John RedmYer, Laboratory Engineer Frank Kalivoda, Mgr. Product Evaluation Laboratory Copeland Corporation, Sidney, Ohio 
ABSTRACT 
The Copeland Corporation is field testing its new CR compressor in 29 residential heat pump systems installed in the West Central Ohio area. Six of these systems are instrumented with a microprocessor based field data recorder which provides detailed data on the operating conditions under which the compressor operates. Considerable information has been obtained on system operation during cooling and heating under different ambient conditions. The instrumentation techniques are valuable for use in other system eva·luations. 
INTRODUCTION 
Reliability is a prime concern in the development of any new compressor. Copeland has, therefore, implemented a significant program of laboratory life testing under normal and accelerated condi-tions to qualify new compressors for production (1). 
This program is supplemented by field use testing when appropriate. In the case of the CR compres-sor, twenty-nine residential heat pump systems have been in use in the West Central Ohio area since May, 1977, to help verify this compressor's performance and reliability. 
One of the major problems in field tests is that the conditions are uncontrolled and it is difficult to collect and correlate detailed, useful data. The decision to cluster the field test in an area where the units can be readily monitored helped to overcome some of the problems. Since the area experiences severe and variable weather conditions, this installation plan is valid. 
The difficulty of collecting data was approached through the development of a new microprocessor based field data recorder. This recorder auto-matically controls the system and stores operating data on digital cassette tapes. Details of this field data recorder and some of the findings are covered in this paper. 
DATA COLLECTION TECHNIQUES 
The primary goal of the field data collection 
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system is to generate a detailed history of the conditions under which the compressor must operate. This information is of use in the design of heat pump compressors and will aid in tracking causes in the event of failure. The information also provides a means for verifying and improving the laboratory life tests. To achieve this goal, a technique was required that would measure and record pressures, temperatures and time. Addi-tionally, the system was expected to require little or no regular maintenance, be simple enough to operate so that it could be operated by field trial participant home owners and require attention no more often than once per week. Two basic approaches to this problem were evaluated. 
The first approach was the use of conventional recording devices, such as strip or circular chart temperature and pressure recorders. These re-corders could be installed in the homes so that each week the participant could replace the charts and return the recorded data to Copeland for analysis. This approach had undesirable features. Circular charts rotating at one revolution per week do not provide adequate resolution. Consider a condition of 10-minute duration, such as a defrost cycle, recorded on a 12" diameter circular chart. At one revolution per week, the segment containing this information would be .04" wide at full scale. Even on 24-hour charts, full scale would only be .26" wide. The data under these conditions would be superimposed on itself and unresolvable. 
A strip chart recorder can solve this problem by using more chart paper. If a standard 120' roll of chart paper were used to represent one week of data, then the 10-minute event would be displayed on 1.4" of chart. This resolution is satisfactory; however, if three recorders are required for each of the six instrumented systems, then 2160' of chart would have to be manually analyzed each week. This approach was judged to be too cumbersome. 
The second alternative was to utilize electronic techniques developed for a laboratory data collec-tion system. Transducers convert the required parameters to electrical signals which are measured and controlled by a microprocessor. The only addi-tional function required was a convenient means 
to store the measured data. A digital tape 
!::a~sette record.er was chosen for this function 
because of its small si4e and the simplicity of 
changing tapes. With this approach. large amounts 
of data could be accurately measured and stored in 
a form thH facilitates reading and analyzing by a 
computer, Additionally, the system was small 
(resembling a small suitcase) and could be operated 
by the home owner. 
Figure 1 is a detailed bloc!< diagram of the data 
collection system, Signal transducers shown at 
the bottom of the figure sense temperatures and 
pressYres. It is worth mentioning that there are 
a hrge nl.!m~er of different tri;lnsducers ~tvailable 
to measure different parameters. such as current, 
voltag.e, watts, resistance. and humidity. N.early 
all of these transducers can be acquired with 
standard output signals compatible with this type 
recording systam. ·rhe primary measurements 
required here are temperature and pressure, and 
copper constantan thermocouples and solid state 
strain gage type pressure transducers were used. 
These pressure transducers do exhibit an incon-
venient offset voltage that varies slightly with 
temperature. This type, however, js much less 
expensive than others and maintains satisfactory 
accuracy for this application. 
The transducer signals are sequentially selected 
for measurement 1n the multiplexer. Once selected. 
the signal amplified to an appropriate level and 
converted to an 8 bit binary number by the A/D 
converter. The clock is read and recorded once 
for each complete set of 15 data channels. The 
liLIXt:; PlA.C!lf\11 or Ftfi.El MTA II:ECOR11ER. 
F1oure 1 
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microprocessor sends the data to the recorder 
driver section where it is stored until 80 words 
have been received. At this time, the recorder 
driver sends 64 words to the recorder where tney 
are recorded in block form. A limit section 
continually checks to see that the discharge 
pressure is below a preset limit and that the 
suction pressure is greater than a preset limit. 
Additionally, a signal from the thermostat is 
monitored to tell when heat pump system is re-
quired. When it is, the processor turns on a 
switch starting the heat pump system, The pro-
cessor also drives visual indicators signifying 
that the heat pump is running, that a high or low 
limit is exceeded or that data is being written 
onto the tape. 
All the above described operations are controlled 
by the microprocessor, such as selecting a channel, 
converting analog signals to binary numbers, and limit 
checking. The microprocessor accomplishes these 
functions by executing the instructions contained 
in the program memory. The programming capability 
and electronic speed and accuracy of this system 
are very advantageous. This can be better under-
stood by describing the operation. The data 
recorder h.as been programmed to record data at 
different rates and times for various conditions. 
For example. when the heat_pump system is operating, 
a complete set of data is taken every 30 seconds. 
During non-operating periods, data is only re~ 
corded every 30 minutes. The suction ami discharge 
pressures are continuously monitored and should 
they exceed preset limits, data is recorded as 
long as the limit is exceeded. Data is also re-
corded immediately before and after the start and 
stop of each operating cycle. This is accomplished 
by having the data recorder monitor the thermostat 
and control the heat pump. When the thermostat 
calls for system operation, the data recorder takes 
a set of data, turns on the heat pump, immediately 
takes another set of data. and then takes data on 
30 second intervals. When the thermostat is 
satisfied, the data recorder takes a set of data, 
turns the unit off, takes another set of data, 
then reverts to taking data on 30 minute intervals. 
The data is recorded on a 300' digital cassette 
tape which has a capacity of 2,214,000 binary bits 
of information. The parameters comprising a set 
of data represent 216 binary bits and. therefore. 
a single tape can hold 10,250 sets of data. Due 
to the various data collection rates, the length 
of time a tape will run is determined by the 
operating conditions. The following table gives 
times to fill a tape under different conditions. 
1. Continuous Update 21 Hrs. 
(Every 7.5 seconds) 
2. Heat Pump Operating 85 Hrs. 
(Every 30 seconds) 
3. Heat Pump Not Operating 5,125 Hrs. 
(Every 30 minutes) 
Under normal operating conditions, a tape lasts 
about one week. 
The number of measurements that can be stored on a tape is a function of the number of binary bits used to represent a measured quantity. Our data re-corder uses 8 bit binary numbers. This fact de-termines the resolution accuracy of the system. Eight binary bits can resolve one part in 256 or about .4% of the measursment span. rse tempersture measurement span is 512 F or from -56 F bo 456 F. This gives a temperature resolution of 2 F which is a good match to the accuracy specifications for the CuCa thermocouple wire used. The suction and discharge pressure spans were 0 to 300 PSIA and 0 to 1,000 PSIA respectively. This gives a reso-lution of approximately 1 PSIA and 4 PSIA for the suction and discharge pressures respectively. 
Figure 2 shows pictorially the manner in which the data recorder interfaces to the heat pump system and the parameters that are measured. Air tempera-tures in and out of the indoor and outdoor coils are multiple thermocouples connected in parallel and located in different areas of the air flow to provide an average value and avoid possible errors due to air stratification. Items 20 and 21 are a start/stop cycle counter and running time clock These devices were installed on all 29 systems and are not related to the data recorder. Measurement 19 deserves further discussion. 
Use of thermocouple voltage from the copper con-stantan wire to measure temperature requires that the temperature of the junction (reference junc-tion) of the constantan wire to the typically copper terminal of the measureing device be known. Quite often this is accomplished by placing this junction in an ice bath. Electronic reference junctions are also available; however, they only provide temperature compensation for a single thermocouple and are somewhat expensive. The data recorder allows these junctions to float with the ambient temperature. The junction temperature is measured with a thermocouple which uses electronic junction compensation. Later when the data is 
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decoded, all thermocouple voltages are adjusted based on the reference junction measurement #19. 
Once ,the data is measured and stored on the cas-sette tapes, the next problem is to effectively analyze the data and report the results. To accomplish this task, the capabilities of an IBM 370 computer were utilized. A problem is that this machine is used primarily for administrative tasks and there was no convenient method to enter data. This is probably a typical problem for many engineers desiring to use the company computer to analyze engineering data. This problem was solved by a cassette tape reader which transfers the data from the cassette tapes to an IBM compatible 9 track tape which can be directly loaded on the 370 tape drives. The power of the larger computer can now analyze the data, write reports, and efficiently store the data for later analysis. 
An interesting aspect of the computer data inter-pretation is the method used to handle the non-linear thermocouple voltage. Note that the data recorder measures a thermocouple voltage which is a nonlinear function of the junction temperature. Linearization is accomplished by storing tempera-ture values in computer memory locations. The address of each location is selected to correspond to the appropriate measured voltage. Retrieval then is accomplished by retrieving the temperature that is stored at the memory location identified by the voltage measurement. 
Figure 3 shows a printout of the data discussed above. Although the coding isn't given, the type of reading can be easily deduced. The fourth column from the right shows that the high limit for discharge pressure (320 psig) was exceeded at 2.45.57 (approximately 2:45A.M.). This occurred during a defrost cycle as could be deduced from the discharge pressure and air temperature off of the coils. Most of the time shown on this sheet, the thermostat was calling for heat (second column from right coded CNTL showing ON) and the data recorder was on the operating time mode (first column from right coded COND showing TI). At 2.21.55, however, the recorder went into the change mode (CH) as the thermostat was satisfied; and at 2.45.57,the recorder went into continuous limit (LI) mode as the limit was exceeded. 
Note that at 2.48.02, the system high pressure switch setting was exceeded and the compressor was shut off. At 2.53.03, the system monitor (third column from right, MON) locked out the compressor. 
TYPICAL OPERATING DATA 
Defrost Cycle 
Figure 4 provides an indication of the excellent resolution obtained from the field data recorder. This is a full defrost cycle on a time-initiated coil-temperature terminated hegt pump system at an outdoor ambient of about 40 F. The defrost cycle started two minutes after the system started in the heat pump mode and lasted about three and a half minutes. 
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Figure 3 
It can be seen that the head-pressure in this case 
reached 350 psi. Even higher pressures have been 
observed at times in other systems as, in fact, was 
shown in Figure 3. The air temperatu6e off of the 
coil (outdoor fan off) went above 100 F, providing 
an indication of heat loss. This can be signifi-
cant; in general, the systems ran full ~en minute 
lft.tiiiiiPt•a•lrN 
defrost cycles at temperatures below 10 F. Defrost 
/ cysles 
have also been observed at temperatures of 
60 F. 
The capability of this field,data recorder is 
illustrated on Figure 1 by comparing the segment 
of a 12" rotary chart. The rotary chart would 
have had all of this information compacted into 
that small segment. ,, 
Syction and Discharge Pressures as 
Function of Time 
"'" 
Figure 5 shows the suction and discharge pressures 
as a function of time for a particular system at 
eo three ambient temperatures. The curves terminate 
~ at the conclusion of the heating cycle, so it can 
J be seen that the systems actually spend a signifi-
eo cant sart of their on time reaching equilibrium. 
At 23 F, the unit ran 12 minutes but did not reach 
eq~ilibrium until about six minutes passed. At 
•• 67 F, the unit never did reach equilibrium. 
Operating analyses based on equilibrium operation 
can, therefore, be significantly in error. 
20 
Pressures as a Function of Ambient 
:A A X :&: 21: X A A A A :A A , • • • 5 • 7 • • '" " 12 show the discharge pressures and Ml~ul•l Figures 6 and 7 
F1gurQ C suction pressures of the six instrumented systems 
as functions of the outdoor temperature. The 
average of the systems is shown together with the 
272 
high and low values. From a compressor standpoint, there is concern about the compression ratio.
0 
The variation in systems is significant. At a 60 F ambient, discharge pressures range from about 270 psig to 320 psig. Variables include the relation-ship of the sizes of the system and house, ducting, air flow, system charge, and line lengths. In fact, each system has been found to have its own characteristics depending on the particular house and installation. 
The rea0on for the turn-up in pressure at ambients below 0 F is not understood. It may have something to do with flooding, used to control compressor temperatures at low refrigerant flow conditions. 
Other Observations 
The data taken thus far has indicated the need to take the ambient temperature into consideration. The ambient temperature is rarely stable for any length of time and the relationship of operating time and final pressure is a function of whether the ambient temperature is rising or falling. A heat pump in a home with good solar heat input mav not run much during the day, but may experience long cycles in the evening. Data on cyclic rate as a function of ambient temperature can, therefore, be misleading since a rate of change dynamic model would be required to define this operationa~ ~alue. 
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somewhat less than expected and will be factored 
into our laboratory test plans. 
Another observation is the effort required to 
successfully manage a program of this kind. 
It requires a good deal of cooperation from cus-
tomers. vendors and service personne 1. The quan-
tity of data obtainable also makes analysis a 
challenge. 
CONCI..US ION 
The field test of this heat pump compressor model 
can be considered quite successful. Not only have 
no compressor failures been experienced over a 
very severe winter, but, we have gained consider-
abl,e insight into the conditi,ons experie,nced in 
operation. The field data recorder developed for 
this program works well and is suited for appli-
cation to other systems. 
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